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Description 

[Aquaculture Method and System for 
Producing Aquatic Species] 

Cross Reference to Related Applications 

[0001] This application is a continuation-in-part of United States 

Nonprovisional Patent Application No. 09/683,798 filed 

on February 15, 2002. 
Background of Invention 

[0002] The invention relates generally to the field of aquaculture 
and, more particularly, to a system and method for pro- 
ducing aquatic species for consumer consumption. Al- 
though the invention relates to a method and system for 
producing many aquatic specie, the preferred embodi- 
ments disclose a method and system for producing 
shrimp. 

[0003] while seafood has always been a staple in the diets of 

many people in the United States and elsewhere, it wasn't 
until the 1980s that a significant increase in seafood con- 
sumption occurred. The consumption was largely the re- 



suit of an increased awareness of the medical evidence 
that supported the health benefits and longevity accrued 
from a seafood diet. As a result, seafood distributors pro- 
vided a greater abundance and selection of seafood prod- 
ucts that further increased consumption. This increased 
domestic demand coupled with increased international 
demand by an expanding population led to more efficient 
methods for harvesting naturally occurring fish stocks 
from the oceans of the world. The increasingly efficient 
methods resulted in rapid depletion of these native fish 
stocks, requiring government intervention to impose re- 
strictions on the size of the total harvest to preserve pop- 
ulations of certain native species. The smaller harvests re- 
sulted in increasing the price of seafood products, which 
helped stimulate the search for methods of growing fish 
stocks in a controlled artificial environment. The produc- 
tion of catfish in catfish farms is a dominant example of 
the growing, large-scale aquaculture industry. Other 
species produced by the aquaculture industry include 
crayfish, oysters, shrimp, Tilapia and Striped Bass. 
[0004] The United States consumes about one billion of the ap- 
proximately seven billion pounds of shrimp that are con- 
sumed annually by the world population. While seventy- 



five percent of this annual harvest is provided by ocean 
trawling, aquaculture in the form of shrimp farms provide 
the other twenty five percent. However, ocean trawling 
suffers from a limited season, a declining catch rate and 
environmental concerns. Shrimp farms may be catego- 
rized as open systems and closed systems. 
[0005] Open system shrimp farms are generally open to the envi- 
ronment, such as open-air ponds constructed near oceans 
to contain and grow shrimp. These open shrimp farms 
suffer from vagaries of predators, the weather, diseases 
and environmental pollution. Saltwater from the ocean 
must be continually circulated through the ponds and 
back to the ocean to maintain adequate water chemistry 
for the shrimp to grow. The shrimp farmers must supply 
daily additions of dry food pellets to the shrimp as they 
grow. 

[0006] closed shrimp farms are generally self-contained aqua- 
culture systems. While closed shrimp farms have greater 
control over the artificial environment contained therein, 
they have not been entirely satisfactory because of limited 
production rates, water filtration and treatment problems, 
and manufactured feed. Although some of these short- 
comings can be overcome by increased capital expendi- 



tures, such as for water treatment facilities, the increased 
capital, labor and energy costs may be prohibitive. 
[0007] | t j S desirable, therefore, to have a method and system for 
producing aquatic species, and particularly shrimp, that 
are not limited by a season, declining catch rate, environ- 
mental concerns, predators, weather, diseases, low pro- 
duction rates, water treatment problems, or manufactured 
feed. The system and method should not be limited to a 
specific location for access to a shipping facility or prox- 
imity to the ocean. 
Summary of Invention 

[0008] The present invention provides a closed aquaculture sys- 
tem and method for producing aquatic specie and other 
aquatic species that is not limited by the seasons of the 
year, is not limited by a declining catch rate, does not ex- 
hibit environmental concerns and is not affected by 
predators, weather, or diseases. The present invention 
provides high production rates, does not exhibit water 
treatment or manufactured feed problems, and is not lim- 
ited to a specific location for access to a shipping facility 
or proximity to the ocean. Use of automation results in 
reduced labor costs and greater system density. 

[0009] Unlike existing systems and methods, the present inven- 



tion replicates a natural biological cycle by combining live 
algae, live artemia and live aquatic specie in a controlled 
environment. This combination of algae, artemia and 
aquatic specie stabilizes key system parameters. In addi- 
tion, the system can achieve higher algae, artemia and 
aquatic specie density than existing systems by using au- 
tomation to continually monitor and modify the saltwater 
environment. 

[0010] An embodiment of the present invention is a method for 
producing adult aquatic specie in an aquaculture system 
comprising growing algae within an algae subsystem con- 
taining saltwater illuminated by a light source, flowing the 
algae from the algae subsystem into an artemia subsys- 
tem containing adult artemia, an aquatic specie nursery 
subsystem and an aquatic specie growout subsystem, all 
containing saltwater, consuming the algae by the adult 
artemia and producing small artemia by the adult artemia 
within the artemia subsystem, passing the small artemia 
from the artemia subsystem to the aquatic specie nursery 
subsystem and the aquatic specie growout subsystem, 
consuming the algae and the small artemia by immature 
aquatic specie contained within the aquatic specie nursery 
subsystem for producing adolescent aquatic specie, the 



adolescent aquatic specie being passed to the aquatic 
specie growout subsystem, consuming the algae and the 
small artemia by the adolescent aquatic specie contained 
within the aquatic specie growout subsystem for produc- 
ing adult aquatic specie, and harvesting the adult aquatic 
specie. The method may further comprise filtering a waste 
outflow from the aquatic specie growout subsystem by a 
filtration subsystem for providing a saltwater return to the 
algae subsystem, the artemia subsystem, the aquatic 
specie nursery subsystem and the aquatic specie growout 
subsystem. The method may further comprise controlling 
the aquaculture system with a data acquisition and control 
subsystem. The method may further comprising replen- 
ishing saltwater lost in the aquaculture system due to 
evaporation and leakage. 
1 ] The step of growing algae within an algae subsystem may 
further comprise seeding a selected strain of algae into 
one or more containers containing saltwater, illuminating 
the algae subsystem with a light source for proper algae 
growth, maintaining a temperature of the algae and salt- 
water by a heater means, measuring pH, algae density, 
temperature, light source output, dissolved oxygen and 
micronutrients, and controlling C02 inflow for pH control, 



saltwater replenishment inflow, light source output, salt- 
water return inflow from a filtration subsystem, and algae 
outflow to the artemia subsystem, the aquatic specie 
nursery subsystem and the aquatic specie growout sub- 
system. The selected strain of algae may be selected from 
the group consisting of isochrysis galbana, nannochlorop- 
sis, dunaliella, skeletonema, thalassiosira, phaeodactylum, 
chaetoceros, cylindrotheca, tetraselmis, and spirulina. The 
optimum saltwater return inflow value may be selected to 
maintain an algae density value within a range of from 
100 thousand to 10 million cells per milliliter of the pre- 
ferred strain of algae. The one or more containers may be 
selected from the group consisting of open containers and 
sealed containers. 
[0012] The step of consuming algae by the adult artemia and 
producing small artemia by the adult artemia within the 
artemia subsystem may further comprise adding adult 
artemia to one or more containers containing saltwater, 
illuminating the artemia subsystem with a light source for 
proper algae growth, maintaining a temperature of the 
artemia, algae and saltwater by a heater means, measur- 
ing waste, algae density, artemia density, temperature, 
pH, ammonia, light source output and dissolved oxygen, 



and controlling oxygen inflow, saltwater return inflow 
from a filtration subsystem, light source output, saltwater 
replenishment inflow, algae inflow and artemia outflow to 
the aquatic specie subsystem. The controlling a saltwater 
return inflow value may maintain an artemia outflow value 
to the aquatic specie nursery subsystem and the aquatic 
specie growout subsystem to adequately remove waste 
from the artemia subsystem and provide sufficient 
artemia to the aquatic specie nursery subsystem and the 
aquatic specie growout subsystem for food. The method 
may further comprise preventing adult artemia from leav- 
ing the one or more containers of the artemia subsystem 
and allowing artemia waste and small artemia to pass 
from the one or more containers of the artemia subsystem 
to the aquatic specie nursery subsystem and the aquatic 
specie growout subsystem by filtering container outflow 
through a 400-micron screen. The one or more containers 
may be selected from the group consisting of open con- 
tainers and sealed containers. 
[0013] The step of consuming the algae and the small artemia by 
an immature aquatic specie contained within the aquatic 
specie nursery subsystem may further comprise placing 
the immature aquatic specie in one or more containers in 



the aquatic specie nursery subsystem for consuming algae 
and artemia for producing adolescent aquatic specie, illu- 
minating the aquatic specie nursery subsystem with a 
light source for proper algae growth, maintaining a tem- 
perature of the immature aquatic specie, algae, artemia 
and saltwater by a heater means, measuring waste, algae 
density, artemia density, aquatic specie size, aquatic 
specie density, temperature, pH, ammonia, light source 
output, and dissolved oxygen, controlling oxygen inflow, 
saltwater return inflow from a filtration subsystem, light 
source output, saltwater replenishment inflow, artemia in- 
flow from the artemia subsystem, algae inflow from the 
algae subsystem and waste outflow to the filtration sub- 
system, gradually increasing the saltwater level in the one 
or more containers for increasing a volume of the one or 
more containers as the immature aquatic specie increase 
from immature size to adolescent size, and enabling the 
adolescent aquatic specie to be passed through to the 
aquatic specie growout system. The step of controlling the 
waste outflow to the filtration subsystem may comprise 
filtering the waste outflow from the aquatic specie nursery 
subsystem through a filter screen to prevent immature 
aquatic specie from leaving the aquatic specie nursery 



subsystem and allowing waste products to pass to the fil- 
tration subsystem. The filter screen may comprise a 400 
micron bottom section and a 800 micron top section for 
enabling disposal of increased waste products from in- 
creasing size aquatic specie as the effective volume of the 
aquatic subsystem is increased by adding increasing a 
saltwater level to accommodate the larger specie size. The 
controlling a saltwater return inflow value may maintain a 
waste outflow value to the filtration subsystem by control- 
ling volume to adequately remove waste from the aquatic 
specie subsystem. The preferred aquatic specie may be 
selected from the group consisting of litopenaeus van- 
namei, monodon, indicus, stylirostis, chinensis, japonicus, 
and merguiensis. The optimum waste outflow rate from 
the aquatic specie nursery subsystem may be selected to 
remove waste products from an aquatic specie density of 
from 0.25 to 0.5 pounds per gallon of saltwater. The one 
or more containers may be selected from the group con- 
sisting of open containers and sealed containers. 
[0014] The step of consuming the algae and the small artemia by 
the adolescent aquatic specie contained within the aquatic 
specie growout subsystem may further comprise contain- 
ing the immature aquatic specie in one or more containers 



in the aquatic specie growout subsystem for consuming 
algae and artemia, illuminating the aquatic specie growout 
subsystem with a light source for proper algae growth, 
maintaining a temperature of the adolescent aquatic 
specie, algae, artemia and saltwater by a heater means, 
measuring waste, algae density, artemia density, aquatic 
specie size, aquatic specie density, temperature, pH, am- 
monia, light source output, and dissolved oxygen, con- 
trolling oxygen inflow, light source output, saltwater re- 
turn inflow from a filtration subsystem, saltwater replen- 
ishment inflow, artemia inflow from the artemia subsys- 
tem, algae inflow from the algae subsystem and waste 
outflow to the filtration subsystem, and gradually increas- 
ing the saltwater level in the one or more containers for 
increasing a volume of the one or more containers as the 
adolescent aquatic specie increase from adolescent size to 
adult size. The step of controlling the waste outflow to the 
filtration subsystem may comprise filtering the waste out- 
flow from the aquatic specie growout subsystem through 
a filter screen to prevent immature aquatic specie from 
leaving the aquatic specie growout subsystem and allow- 
ing waste products to pass to the filtration subsystem. 
The filter screen may comprise a 2000 micron bottom 



section and a 5000 micron top section for enabling dis- 
posal of increased waste products from increasing size 
aquatic specie as the effective volume of the aquatic sub- 
system is increased by adding increasing a saltwater level 
to accommodate the larger specie size. The controlling a 
saltwater return inflow value may maintain a waste out- 
flow value to the filtration subsystem by controlling vol- 
ume to adequately remove waste from the aquatic specie 
growout subsystem. The optimum waste outflow rate 
from the aquatic specie growout subsystem may be se- 
lected to remove waste products from an aquatic specie 
density of from 0.25 to 0.5 pounds per gallon of saltwa- 
ter. The one or more containers may be selected from the 
group consisting of open containers and sealed contain- 
ers. 

[0015] The step of filtering a waste outflow from the aquatic 
specie growout subsystem may comprise pumping the 
waste outflow from the aquatic specie growout subsystem 
to an input of a first mechanical filter, flowing a first part 
of an outflow from the first mechanical filter to an inflow 
of a biofilter, an outflow of the biofilter being connected 
to a saltwater return inflow of the aquatic specie nursery 
subsystem and a saltwater return inflow of the aquatic 



specie growout subsystem, flowing a second part of the 
outflow from the first mechanical filter to an inflow of a 
second mechanical filter, an outflow of the second me- 
chanical filter being flowed through an inflow heating 
passage of a heat exchanger to a pasteurization chamber 
inflow, pasteurizing the pasteurization chamber inflow 
from the heat exchanger for destroying living organisms 
in the inflow and flowing a pasteurization chamber out- 
flow to an outflow cooling passage of the heat exchanger, 
and flowing a pasteurized and cooled outflow from the 
heat exchanger outflow cooling passage to a saltwater re- 
turn inflow of the algae subsystem and a saltwater return 
inflow of the artemia subsystem. The method may further 
comprise adding supplemental nutrients to the pasteur- 
ization chamber outflow under control of a data acquisi- 
tion and control subsystem. The method may further 
comprise sterilizing the flow conduits from the heat ex- 
changer cooling passage to the saltwater return inflow of 
the algae subsystem and the saltwater return inflow of the 
artemia subsystem using a steam sterilizer under control 
of a data acquisition and control subsystem. 
[0016] The step of controlling the aquaculture system may com- 
prise connecting measurements from the algae subsys- 



tern, artemia subsystem, the aquatic specie nursery sub- 
system and the aquatic specie growout subsystem to an 
input multiplexer, connecting an output from the input 
multiplexer to an input of a microprocessor, connecting 
an output of the microprocessor to a controller output, 
connecting an output from the output controller to con- 
trols for the algae subsystem, the artemia subsystem, the 
aquatic specie nursery subsystem, the aquatic specie 
growout subsystem and the filtration subsystem, and 
connecting the microprocessor to a video monitor and 
keyboard for providing a user interface. The aquaculture 
system may comprise a closed recirculating system. The 
harvested adult aquatic specie may be shrimp. The 
method may further comprise positioning habitat struc- 
tures within the aquatic specie nursery subsystem and the 
aquatic specie growout subsystem for increasing the 
number of aquatic specie in the subsystem by providing a 
greater habitat surface area. The method may further 
comprise maintaining a temperature value in the algae 
subsystem, the artemia subsystem, the aquatic specie 
nursery subsystem and the aquatic specie growout sub- 
system within a range of from 23°C to 32°C, maintaining a 
salinity value in the algae subsystem, the artemia subsys- 



tern, the aquatic specie nursery subsystem and the 
aquatic specie growout subsystem within a range of from 
20 to 45 parts per thousand, maintaining a dissolved oxy- 
gen value in the artemia subsystem, the aquatic specie 
nursery subsystem and the aquatic specie growout sub- 
system within a range of from 4.5 to 9.0 parts per million, 
maintaining a pH value in the algae subsystem, the 
artemia subsystem, the aquatic specie nursery subsystem 
and the aquatic specie growout subsystem within a range 
of from 7.5 to 8.5, and adjusting an illumination level of 
light sources for the algae subsystem, the artemia sub- 
system, the aquatic specie nursery subsystem and the 
aquatic specie growout subsystem for regulating algae 
growth rates. The step of passing the small artemia may 
further comprise passing the small artemia and adult 
artemia from the artemia subsystem to the aquatic specie 
nursery subsystem and the aquatic specie growout sub- 
system. 

[0017] Another embodiment of the present invention is a method 
for producing adult aquatic specie in an aquaculture sys- 
tem, comprising growing algae in saltwater, feeding the 
algae to artemia in saltwater, producing artemia by the 
artemia in saltwater, feeding the algae and the artemia to 



an immature aquatic specie in saltwater to produce adult 
aquatic specie, and harvesting the adult aquatic specie 
from the saltwater when mature. The step of growing al- 
gae may comprise illuminating the algae in the saltwater 
by a light source, controlling a temperature of the algae in 
the saltwater by a heat source, regulating a C02 inflow to 
control pH of the saltwater, replenishing saltwater lost 
due to evaporation and leakage, regulating a saltwater re- 
turn inflow for controlling algae outflow, and measuring 
pH, algae density, temperature, light source output, dis- 
solved oxygen and micronutrients. The step of feeding the 
algae to artemia in saltwater may comprise providing an 
inflow of algae and saltwater into the artemia in saltwater, 
illuminating the algae in the saltwater by a light source, 
controlling a temperature of the algae and artemia in salt- 
water by a heat source, regulating a C02 inflow to control 
pH of the saltwater, regulating an oxygen inflow to control 
dissolved oxygen, regulating a saltwater return inflow for 
controlling artemia, algae, waste and saltwater outflow, 
and measuring pH, algae density, temperature, light 
source output, ammonia, dissolved oxygen, waste, and 
artemia density. The step of producing artemia by the 
artemia in saltwater may comprise consuming algae by 



the adult artemia to generate small artemia, filtering the 
algae, adult artemia, small artemia, waste and saltwater 
through a screen that allows the algae, small artemia, 
waste and saltwater to pass as an outflow while restrain- 
ing the adult artemia. The step of feeding the algae and 
the artemia to an immature aquatic specie in saltwater to 
produce adult aquatic specie may comprise providing an 
inflow of algae, artemia, waste and saltwater to the imma- 
ture aquatic specie in saltwater, illuminating the algae in 
the saltwater by a light source, controlling a temperature 
of the algae, artemia, waste and saltwater by a heat 
source, regulating a C02 inflow to control pH of the salt- 
water, regulating an oxygen inflow to control dissolved 
oxygen, regulating a saltwater return inflow for control- 
ling artemia, algae, waste and saltwater outflow, measur- 
ing aquatic specie density, aquatic specie size, pH, algae 
density, temperature, light source output, ammonia, dis- 
solved oxygen, waste, volume and artemia density, con- 
suming artemia by the immature aquatic specie to pro- 
duce adolescent aquatic specie, consuming artemia by the 
adolescent aquatic specie to produce adult aquatic specie, 
and filtering the algae, aquatic specie, artemia, waste and 
saltwater through a graded screen that allows the algae, 



small artemia, waste and saltwater to pass as an outflow 
to a filtration means while restraining the aquatic specie. 
The method may further comprise positioning habitat 
structures for increasing the number of aquatic specie in 
the subsystem. 

[0018] yet another embodiment of the present invention is an 
aquaculture system for producing adult aquatic specie 
that comprises an algae subsystem containing saltwater 
illuminated by a light source for growing algae, means for 
flowing the algae from the algae subsystem into an 
artemia subsystem, an aquatic specie nursery subsystem 
and an aquatic specie growout subsystem, both contain- 
ing saltwater, the artemia subsystem containing adult 
artemia for consuming the algae and producing small 
artemia, means for passing the small artemia from the 
artemia subsystem to the aquatic specie nursery subsys- 
tem containing an immature aquatic specie for consuming 
the algae and the small artemia and producing an adoles- 
cent aquatic specie, means for passing the adolescent 
aquatic specie from the aquatic specie nursery subsystem 
to the aquatic specie growout subsystem for consuming 
the algae and the small artemia and producing an adult 
aquatic specie, and means for harvesting the adult aquatic 



specie. The system may further comprise a filtration sub- 
system for filtering a waste outflow from the aquatic 
specie growout subsystem and for providing a saltwater 
return to the algae subsystem, the artemia subsystem, the 
aquatic specie nursery subsystem and the aquatic specie 
growout subsystem. The system may further comprise a 
data acquisition and control subsystem for controlling the 
aquaculture system. The system may further comprise 
means for replenishing saltwater lost in the aquaculture 
system due to evaporation and leakage. The algae sub- 
system containing saltwater illuminated by a light source 
for growing algae may further comprise a light source for 
illuminating the algae in the saltwater, a heater for con- 
trolling a temperature of the algae subsystem, a C02 in- 
flow for controlling pH of the algae subsystem, a saltwater 
replenishment inflow for replacing saltwater lost to evap- 
oration and leakage, a saltwater return inflow from a fil- 
tration subsystem, an algae outflow to the artemia sub- 
system, and measurement means for measuring pH, algae 
density, temperature, light source output, dissolved oxy- 
gen, and micronutrients of the algae subsystem. The 
artemia subsystem containing adult artemia for consum- 
ing the algae and producing small artemia may further 



comprise a light source for illuminating the algae in the 
saltwater, a heater for controlling temperature of the 
artemia subsystem, a C02 inflow for controlling pH of the 
algae subsystem, an oxygen inflow for controlling dis- 
solved oxygen of the artemia subsystem, a saltwater re- 
plenishment inflow for replacing saltwater lost to evapo- 
ration and leakage, a saltwater return inflow from a filtra- 
tion subsystem, a filter screen for separating the small 
artemia and waste from the adult artemia, an artemia out- 
flow to the aquatic specie nursery subsystem, and mea- 
surement means for measuring pH, algae density, tem- 
perature, light source output, ammonia, dissolved oxygen, 
waste, and artemia density of the algae subsystem. The 
aquatic specie nursery subsystem containing an immature 
aquatic specie for consuming the algae and the small 
artemia and producing an adolescent aquatic specie may 
further comprise a light source for illuminating the algae 
in the saltwater, a heater for controlling temperature of 
the aquatic specie nursery subsystem, a C02 inflow for 
controlling pH of the aquatic specie nursery subsystem, 
an oxygen inflow for controlling dissolved oxygen of the 
aquatic specie nursery subsystem, a saltwater replenish- 
ment inflow for replacing saltwater lost to evaporation and 



leakage, a saltwater return inflow from a filtration subsys- 
tem, a graded filter screen for separating the immature 
aquatic specie from the waste algae and small artemia, a 
waste outflow to the filtration subsystem, and measure- 
ment means for measuring aquatic specie density, aquatic 
specie size, pH, algae density, light source output, tem- 
perature, ammonia, dissolved oxygen, waste, and volume 
of the algae subsystem. The graded filter screen may be 
selected from the group consisting of a planar filter 
screen and a cylindrical filter screen. The aquatic specie 
growout subsystem containing an adolescent aquatic 
specie for consuming the algae and the small artemia and 
producing an adult aquatic specie may further comprise a 
light source for illuminating the algae in the saltwater, a 
heater for controlling temperature of the aquatic specie 
growout subsystem, a C02 inflow for controlling pH of the 
aquatic specie growout subsystem, an oxygen inflow for 
controlling dissolved oxygen of the aquatic specie 
growout subsystem, a saltwater replenishment inflow for 
replacing saltwater lost to evaporation and leakage, a 
saltwater return inflow from a filtration subsystem, a 
graded filter screen for separating the adolescent and 
adult aquatic specie from the waste algae and small 



artemia, a waste outflow to the filtration subsystem; and 
measurement means for measuring aquatic specie den- 
sity, aquatic specie size, pH, algae density, light source 
output, temperature, ammonia, dissolved oxygen, waste, 
and volume of the algae subsystem. The graded filter 
screen may be selected from the group consisting of a 
planar filter screen and a cylindrical filter screen. The fil- 
tration subsystem may comprise a waste inflow from the 
aquatic specie growout subsystem connected to an inlet 
of a pump, an outlet of the pump connected to an inflow 
of a first mechanical filter, an outflow of the first mechan- 
ical filter connected to an inflow of a biofilter and an in- 
flow of a second mechanical filter, an outflow of the 
biofilter connected to saltwater return inflows of the 
aquatic specie nursery subsystem and the aquatic specie 
growout subsystem, an outflow of the second mechanical 
filter connected through an inflow heating passage of a 
heat exchanger to a pasteurization chamber inflow, the 
pasteurization chamber pasteurizing the pasteurization 
chamber inflow from the heat exchanger for destroying 
living organisms in the inflow, an outflow from the pas- 
teurization chamber connected through an outflow cool- 
ing passage of the heat exchanger, and the pasteurized 



and cooled outflow from the heat exchanger outflow cool- 
ing passage being sent to a saltwater return inflow of the 
algae subsystem and a saltwater return inflow of the 
artemia subsystem. The data acquisition and control sub- 
system for controlling the aquaculture system may com- 
prise an input multiplexer for accepting measurement in- 
puts from the algae subsystem, the artemia subsystem, 
the aquatic specie nursery subsystem and the aquatic 
specie growout subsystem, a microprocessor connected to 
an output of the input multiplexer, a monitor and key- 
board user interface, and an input to an output controller, 
and control outputs of the output controller connected to 
the algae subsystem, the artemia subsystem, the aquatic 
specie nursery subsystem, the aquatic specie growout 
subsystem, and the filtration subsystem. The measure- 
ment inputs may comprise pH, algae density, tempera- 
ture, light source output, dissolved oxygen and micronu- 
trients from the algae subsystem, pH, algae density, tem- 
perature, light source output, ammonia, dissolved oxygen, 
waste, and artemia density from the artemia subsystem, 
aquatic specie density, aquatic specie size, pH, algae den- 
sity, temperature, ammonia, dissolved oxygen, waste, vol- 
ume, and artemia density from the aquatic specie nursery 



subsystem, and aquatic specie density, aquatic specie 
size, pH, algae density, temperature, ammonia, dissolved 
oxygen, waste, volume, and artemia density from the 
aquatic specie growout subsystem. The control outputs 
may comprise heater control, C02 inflow, saltwater re- 
plenishment inflow, light source control, algae outflow, 
saltwater return inflow, and algae tank flow valves to the 
algae subsystem, heater control, oxygen inflow, artemia 
outflow, light source control, saltwater return inflow, al- 
gae inflow, and saltwater replenishment inflow to the 
artemia subsystem, heater control, oxygen inflow, waste 
outflow, light source control, saltwater return inflow, 
artemia inflow, and saltwater return inflow to the aquatic 
specie nursery subsystem, heater control, oxygen inflow, 
waste outflow, light source control, saltwater return in- 
flow, artemia inflow, and saltwater return inflow to the 
aquatic specie growout subsystem, and pump speed con- 
trol to the filtration subsystem. The system may further 
comprise habitat structures positioned within the aquatic 
specie subsystem for harvesting increased adult aquatic 
specie. 

Brief Description of Drawings 
[0019] These and other features, aspects and advantages of the 



present invention will become better understood with re- 
gard to the following description, appended claims, and 
accompanying drawings wherein: 

[0020] FIG. 1 shows a concentric aquaculture system according to 
the present invention; 

[0021] FIG. 2 shows an algae subsystem for use in a concentric 
aquaculture system; 

[0022] FIG. 3 shows an artemia subsystem for use in a concentric 
aquaculture system; 

[0023] FIG. 4 shows an aquatic specie subsystem for use in a 
concentric aquaculture system; 

[0024] FIG. 5A and FIG. 5B show graded filter screens for use in 
an aquatic specie subsystem of aquaculture systems; 

[0025] FIG. 6 shows a filtration subsystem for use in aquaculture 
systems; 

[0026] FIG. 7 shows a data acquisition and control subsystem for 
use in aquaculture systems; 

[0027] FIG. 8 shows a distributed aquaculture system according 
to the present invention; 

[0028] FIG. 9 shows an algae subsystem for use in a distributed 
aquaculture system; 

[0029] FIG. 10 shows an artemia subsystem for use in a dis- 
tributed aquaculture system; 



[0030] FIG. 11 shows an aquatic specie subsystem for use in a 
distributed aquaculture system; and 

[0031] FIG. 12 shows a filtration subsystem for use in an aqua- 
culture system. 
Detailed Description 

[0032] Turning now to FIG. 1, FIG. 1 shows a concentric aquacul- 
ture system 100 according to the present invention. The 
concentric system 100 comprises an algae subsystem 
200, an artemia subsystem 300, an aquatic specie sub- 
system 400, a filtration subsystem 600, a data acquisition 
and control subsystem 700, and a saltwater replenishment 
source 808. The algae subsystem 200, artemia subsystem 
300, and aquatic specie subsystem 400 may comprise ei- 
ther open or sealed containers. Algae are grown in the al- 
gae subsystem 200, and flow to the artemia subsystem 
300 and the aquatic specie subsystem 400. Adult artemia 
in the artemia subsystem 300 feed on the algae and pro- 
duce small artemia (live nauplii), which flow to the aquatic 
species subsystem 400. The aquatic specie to be pro- 
duced by the system 100 is introduced into the aquatic 
specie subsystem 400 at an immature stage, to be raised 
to an adult stage for harvesting. These immature species 
are contained in aquatic specie subsystem 400 and feed 



on the algae and artemia in the aquatic specie subsystem 
400. Although the algae reduces the affect of waste prod- 
ucts from the artemia and aquatic specie, the system 100 
utilizes a unique filtration subsystem 600 that removes 
additional waste from the system during growth of the 
aquatic specie being produced. The data acquisition and 
control subsystem 700 is critical for maintaining a suit- 
able environment for the algae, artemia, and aquatic 
specie being produced by automatically monitoring and 
regulating a number of critical environmental parameters. 
A source for saltwater replenishment 808 is provided to 
the algae subsystem 200 for replacing saltwater lost from 
evaporation and leakage. As noted above, although the 
method and system of the present invention may be used 
to produce a variety of aquatic species, the preferred em- 
bodiments disclose the production of shrimp. 
[0033] Turning now to FIG. 2, FIG. 2 shows an algae subsystem 
200 for use in a concentric aquaculture system 100. The 
algae subsystem 200 uses an enclosed tank 210, prefer- 
ably of fiberglass construction, that contains saltwater and 
algae 218. The tank 210 may be either open or sealed. 
The saltwater has a salinity of from 30 to 35 parts per 
thousand. Lighting 214 provides energy for proper algae 



growth and a heater 216 maintains a temperature of the 
saltwater and algae 218 within an acceptable range. Sen- 
sors within the tank 210 connected to the data acquisition 
and monitoring subsystem 700 provide continuous moni- 
toring of pH 226, algae density 228, temperature 230, 
light output 234, micronutrients 236 and dissolved oxy- 
gen 232. Since algae growth naturally causes the pH of 
the algae subsystem 200 to increase, controlled amounts 
of carbon dioxide gas (C02) 224 is introduced into the 
system to maintain the pH 226 within acceptable levels. 
The algae will gravity feed 222 from the algae subsystem 
200 to the artemia subsystem 300, depending on a salt- 
water return rate 220 from the filtration subsystem 600 
for controlling the saltwater level 212 in the tank 210. 
Saltwater replenishment 208 having a salinity of from 30 
to 35 parts per thousand is provided to replace saltwater 
losses, such as evaporation and leakage. An optimal salt- 
water return rate 220 will keep the algae density 228 be- 
tween approximately 100 thousand to 10 million cells per 
milliliter for the preferred strain of algae (tajitian strain of 
isochrysis galbana). 
[0034] Turning now to FIG. 3, FIG. 3 shows an artemia subsystem 
300 for use in a concentric aquaculture system 100. The 



artemia subsystem 300 utilizes an enclosed round tank 
310, preferably of fiberglass construction, which contains 
the algae subsystem 200, saltwater and artemia 360. The 
tank 310 may be either open or sealed. Sensors continu- 
ously monitor artemia density 334, temperature 330, pH 
326, ammonia 338, algae density 340, waste 342 and dis- 
solved oxygen 332 within the artemia subsystem 300. 
Overlapping lighting from the algae subsystem 200 allows 
continued growth of the algae 318 fed to the artemia 360 
in the artemia subsystem 300. Although waste from the 
artemia 360 causes the pH of the artemia subsystem 300 
to decrease, the presence of the algae 318 will increase 
the pH, thereby stabilizing the pH of the artemia subsys- 
tem 300. The algae 318 also serve as food for the artemia 
360. A heater 316 controlled by the data acquisition and 
control subsystem 700 maintains the temperature of the 
artemia subsystem 300 within an acceptable range. The 
adult artemia 360 produce small artemia on a continuous 
basis. A 400-micron screen 314 prevents the adult 
artemia 360 from leaving the artemia subsystem 300, but 
allows the artemia waste and small artemia to pass from 
the artemia subsystem 300 to the aquatic specie subsys- 
tem 400 by gravity feed. The flow rate to the aquatic 



specie subsystem 322 will depend on the return flow rate 
320 from the filtration subsystem 600 and the flow rate 
222 from the algae subsystem 200. An optimal flow rate 
322 to the aquatic specie subsystem 400 adequately re- 
moves waste from the artemia subsystem 300 and also 
provides sufficient artemia 360 to the aquatic specie sub- 
system 400 for food. A flow of oxygen 344 is introduced 
into the artemia subsystem 300 for controlling the level of 
dissolved oxygen. The saltwater level 312 in the artemia 
subsystem 300 is determined by the return flow rate 320 
from the filtration subsystem 600 and the algae subsys- 
tem 220. The preferred artemia species 360 originate 
from the Great Salt Lake in Utah, USA. 
[0035] Turning now to FIG. 4, FIG. 4 shows an aquatic specie 

subsystem 400 for use in a concentric aquaculture system 
100. The aquatic specie subsystem 400 utilizes an en- 
closed round tank 410, preferably of fiberglass construc- 
tion, which contains the algae subsystem 200 and the 
artemia subsystem 300 within it. The tank 410 may be ei- 
ther open or sealed. The aquatic specie subsystem 400 
also contains aquatic specie 468, preferably shrimp, algae 
418, saltwater, and artemia 462. Sensors continuously 
monitor artemia density 434, aquatic specie size 440, 



aquatic specie density 442, temperature 430, pH 426, 
dissolved oxygen 432, algae density 444, waste 446, vol- 
ume 448 and ammonia 438. Habitat structures 414 are 
positioned in the aquatic species subsystem 400 for pro- 
viding a greater habitat surface area for increasing the 
amount of aquatic species within the subsystem. The 
artemia 462 are food for the aquatic specie 468. A heater 
416 maintains the temperature of the aquatic specie sub- 
system 400 within an acceptable range. A graded screen 
500, preferably nylon material, provides filtration of 
aquatic specie waste products and allows waste flow 422 
to the filter subsystem 600. The aquatic specie subsystem 
400 is initially stocked with live, commercially available 
postlarvae shrimp in salt water maintained at a low level. 
As the shrimp grow from about 0.5 inches in length to 
about 5 inches in length, the system 100 automatically 
adds saltwater to the aquatic specie subsystem 400 to 
gradually increase the saltwater level 412 and effective 
volume of the aquatic specie subsystem 400. As the salt- 
water level 412 of the aquatic subsystem 400 increases 
and the shrimp 468 grow in size, larger screen openings 
of the graded screen 500 allow passage of larger waste 
particles while preventing the shrimp 468 from passing 



through the graded screen. The method of slowly increas- 
ing the level of the saltwater 412 and the effective volume 
of the aquatic specie subsystem 400 has an additional 
beneficial feature. When the shrimp 468 are small, the ef- 
fective volume of the aquatic specie subsystem 400 is also 
small, allowing a higher and more beneficial concentration 
of food. As the shrimp grow larger, the increase in effec- 
tive volume maintains an optimum food density and opti- 
mum shrimp separation. Waste products pass through the 
graded screen 500 and on to the filter subsystem 700. 
Since the aquaculture system 100 is a closed system, the 
flow rate 422 to the filtration subsystem 600 will depend 
on the return flow rate 420 from the filtration subsystem 
600 and the flow rate 322 from the artemia subsystem 
300. An optimum flow rate will adequately remove waste 
products from the aquatic specie subsystem 400 at a den- 
sity of 0.25 to 0.5 pounds of shrimp per gallon of saltwa- 
ter. The preferred shrimp species is Litopenaeus Van- 
namei (Pacific White Shrimp). 
[0036] Turning now to FIG. 5A, FIG. 5A shows a planar graded fil- 
ter screen 500 for use in an aquatic specie subsystem 400 
of a concentric aquaculture system 100. FIG. 5A depicts 
one embodiment of a graded screen 500 having four dis- 



tinct screens, each having a distinct mesh size. In alterna- 
tive embodiments of the graded filter screen 500, there 
may also be a multitude of distinct screen mesh sizes, or 
a continuous gradient of mesh sizes. The lowest of the 
four distinct screens 510 comprises a screen having a 
mesh size of about 400 microns. The height of the lower 
screen 510 corresponds to a saltwater level 412 for 
aquatic specie inhabiting the aquatic specie subsystem 
400 for between 0 and 2 weeks. The second screen 520 
comprises a screen having a mesh size of about 800 mi- 
crons. The height of the second screen 520 corresponds 
to a saltwater level 412 for aquatic specie inhabiting the 
aquatic specie subsystem 400 for between 2 and 4 weeks. 
The third screen 530 comprises a screen having a mesh 
size of about 2000 microns. The height of the third screen 
530 corresponds to a saltwater level 412 for aquatic 
specie inhabiting the aquatic specie subsystem 400 for 
between 5 and 8 weeks. The fourth or top screen 540 
comprises a screen having a mesh size of about 5000 mi- 
crons. The height of the top screen 540 corresponds to a 
saltwater level 412 for aquatic specie inhabiting the 
aquatic specie subsystem 400 for between 9 and 13 
weeks. 



[0037] Turning now to FIG. 5B, FIG. 5B shows a cylindrical graded 
filter screen 550 for use in an aquatic specie subsystem 
500 of a distributed aquaculture system 800. FIG. 5B de- 
picts one embodiment of a graded screen 550 having four 
distinct screens, each having a distinct mesh size. In al- 
ternative embodiments of the graded filter screen 550, 
there may also be a multitude of distinct screen mesh 
sizes, or a continuous gradient of mesh sizes. The lowest 
of the four distinct screens 560 comprises a screen having 
a mesh size of about 400 microns. The height of the lower 
screen 560 corresponds to a saltwater level in the aquatic 
specie subsystem 1100 for aquatic specie inhabiting the 
aquatic specie subsystem 1100 for between 0 and 2 
weeks. The second screen 570 comprises a screen having 
a mesh size of about 800 microns. The height of the sec- 
ond screen 570 corresponds to a saltwater level for 
aquatic specie inhabiting the aquatic specie subsystem 
1100 for between 2 and 4 weeks. The third screen 580 
comprises a screen having a mesh size of about 2000 mi- 
crons. The height of the third screen 580 corresponds to a 
saltwater level for aquatic specie inhabiting the aquatic 
specie subsystem 1100 for between 5 and 8 weeks. The 
fourth or top screen 590 comprises a screen having a 



mesh size of about 5000 microns. The height of the top 
screen 590 corresponds to a saltwater level for aquatic 
specie inhabiting the aquatic specie subsystem 1100 for 
between 9 and 13 weeks. 
[0038] Turning now to FIG. 6, FIG. 6 shows a filtration subsystem 
600 for use in an aquaculture system 100. The input flow 
610 to the filtration subsystem 600 is depicted in FIG. 1 
and the output flow 612 to the algae subsystem 200, the 
artemia subsystem 300 and the aquatic specie subsystem 
400 is explained with regard to FIG. 2 - FIG. 4. The input 
flow 610 to the filtration system 600 is connected to the 
waste flow 422 from the aquatic specie subsystem 400 
after passing through the graded filter screen 500. The 
output flow 612 from the filtration subsystem 600 is con- 
nected to the saltwater return 220 of the algae subsystem 
200, the saltwater return 320 of the artemia subsystem 
300 and the saltwater return 420 of the aquatic specie 
subsystem 400. As noted above, waste enters the input 
flow 610 filtration subsystem 600 from the aquatic specie 
subsystem 400 after passing through the graded filter 
screen 500. Although the algae in the system 100 will re- 
move micronutrients from the system created by the 
aquatic specie waste products, additional filtration allow 



for higher aquatic specie densities. A saltwater pump 620 
pumps the waste product stream 610, which has passed 
through the graded filter screen 500, through a mechani- 
cal filter 630 to remove particulate material. The mechan- 
ical filter 630 has a preferred filter size of about 100 mi- 
crons, thereby trapping particulate material having a size 
greater than 100 microns. The waste stream is then 
passed through a biofilter 640 to convert ammonia into 
nitrates for use as a nutrient for the algae. After filtration 
of the waste stream, a plumbing and valve network re- 
turns the filtered and cleansed saltwater to the algae sub- 
system 200, the artemia subsystem 300, the aquatic 
specie subsystem 400 and the filtration subsystem 600. 
The return flow rates to each of these subsystems, which 
is controlled by the data acquisition and control subsys- 
tem 700 and respective return valves, determines the flow 
rate through each subsystem. The data acquisition and 
control subsystem 700 will vary the return flow rate 220 
of the algae subsystem 200 to maintain a specific algae 
density 228. This flow rate 220 also determines the food 
supply rate to the artemia. The data acquisition and con- 
trol subsystem 700 also controls the return flow rate 320 
of the artemia subsystem 300 to maintain an adequate 



supply of artemia to the aquatic specie. This flow rate 320 
increases as the aquatic specie grow in size, and also de- 
termines the filtration rate of the artemia subsystem 300. 
The data acquisition and control subsystem 700 also con- 
trols the return flow rate 420 of the aquatic specie sub- 
system 400 to maintain adequate filtration of the aquatic 
specie subsystem 400. This flow rate 420 increases as the 
aquatic specie grow in size, and also affects the amount 
of time that the artemia stay in the aquatic specie subsys- 
tem 400. As the saltwater level 412 in the aquatic specie 
subsystem 400 increases, the filtration subsystem pump 
620 operates at a greater flow rate because of reduced 
head pressure. The data acquisition and control subsys- 
tem 700 controls the filtration subsystem return flow rate 
612 to maintain optimal flow rates to the other subsys- 
tems. 

[0039] Turning now to FIG. 7, FIG. 7 shows a data acquisition and 
control subsystem 700 for use in an aquaculture system 
100, 800. The data acquisition and control subsystem 700 
uses sensors to monitor and devices to control critical pa- 
rameters of the aquaculture system 100, 800, enabling 
the system to sustain algae and artemia cultures while 
promoting rapid aquatic specie growth. A microproces- 



sor-based system uses predetermined algorithms to 
maintain these critical parameters without operator inter- 
vention. The data acquisition and control subsystem 700 
also records and transmits system measurements and 
control events to a user interface for review and analysis 
by an operator. The data acquisition and control subsys- 
tem 700 contains an input multiplexer 710, a micropro- 
cessor 720, an output controller 750 and a video monitor 
730 and keyboard 740 for providing a user interface. 
[0040] | n p Ut signals 712 from the algae subsystem 200, 900 are 
connected to the input multiplexer 710, where they may 
be sequentially selected, converted to a digital format, 
and sent to a microprocessor 720. The input signals 712 
from the algae subsystem 200, 900 include pH 226, 926, 
temperature 230, 930, algae density 228, 928, light out- 
put 234, 934, micronutrients 236, 936, and dissolved 
oxygen 232, 932. Input signals 714 from the artemia sub- 
system 300, 1000 are also connected to the input multi- 
plexer 710, where they may be sequentially selected, con- 
verted to a digital format, and sent to a microprocessor 
720. The input signals 714 from the artemia subsystem 
300, 1000 include pH 326, 1026, temperature 330, 1030, 
algae density 340, 1040, artemia density 334, 1034, 



waste 342, 1042, ammonia 338, 1038 and dissolved oxy- 
gen 332, 1032. Input signals 716 from the aquatic specie 
subsystem 400, 1100 are also connected to the input 
multiplexer 710 where they may be sequentially selected, 
converted to a digital format, and sent to a microproces- 
sor 720. The input signals 716 from the aquatic specie 
subsystem 400, 1100 include pH 426, 1126, temperature 
430, 1130, algae density 444, 1144, artemia density 434, 
1134, aquatic specie density 440, 1141, waste 446, 1146, 
ammonia 438, 1138, dissolved oxygen 432, 1132, aquatic 
specie size 440, 1140, and volume 448, 1148. 
[0041] output signals 752 to the algae subsystem 200 900 are 
connected to the output controller 750 of the data acqui- 
sition and control subsystem 700, which is controlled by 
the microprocessor 750. For the distributed aquaculture 
system 800, the output signals 752 to the algae subsys- 
tem 900 include selection of one of the plurality of algae 
tanks. The output signals 752 to the algae subsystem 
200, 900 include C02 flow control 224, 924 for control- 
ling pH, heater control 216, 916 for controlling tempera- 
ture, and saltwater return flow rate 220, 920 for control- 
ling algae density. In the distributed aquaculture system 
800, control of C02 flow 924 involves controlling valve 



960, control of saltwater return rate 920 and algae flow 
rate 922 involves controlling valves 962, 964, and 966, 
and control of saltwater replenishment 908 involves con- 
trol of valve 968. Output signals 754 to the artemia sub- 
system 300, 1000 are also connected to the output con- 
troller 750 for control by the microprocessor 750. The 
output signals 754 to the artemia subsystem 300, 1000 
include saltwater return flow rate 320, 1020 for control- 
ling pH, heater control 316, 1016 for controlling tempera- 
ture, and oxygen flow control 344, 1044 for controlling 
dissolved oxygen. In the distributed aquaculture system 
800, control the saltwater return flow 1020 involves con- 
trolling valve 1021, control of oxygen flow 1044 involves 
controlling valve 1043, control of saltwater replenishment 
1008 involves controlling valve 1068, and control of algae 
flow 1024 involves controlling valve 1023. Note that 
artemia feed rate in the artemia subsystem 300 is con- 
trolled by the saltwater return flow rate 220 of the algae 
subsystem 200 and the artemia waste removal is con- 
trolled by saltwater return flow rate 320 of the artemia 
subsystem 300. Output signals 756 to the aquatic specie 
subsystem 400, 1100 are also connected to the output 
controller 750 for control by the microprocessor 720. The 



output signals 756 to the aquatic specie subsystem 400, 
1100 include heater control 416, 1116 for controlling 
temperature, oxygen flow control 450, 1150 for control- 
ling dissolved oxygen, and saltwater return flow rate 420, 
1120 to the aquatic specie subsystem 400, 1100 for con- 
trolling waste removal and volume. In the distributed 
aquaculture system 800, control of the waste flow 1142 
from the aquatic specie subsystem 1100 involves control- 
ling valve 1143, control of saltwater return 1120 involves 
controlling valve 1121, control of oxygen flow 1150 in- 
volves controlling valve 1151, and control of saltwater re- 
plenishment 1108 involves controlling valve 1168. Note 
that the pH of the aquatic specie subsystem 400 is con- 
trolled by the saltwater return flow rate 220 of the algae 
subsystem 200, and the aquatic specie feed rate is con- 
trolled by varying the saltwater return flow rate 320 of the 
artemia subsystem 300. 
[0042] Turning now to FIG. 8, FIG. 8 shows a distributed aquacul- 
ture system 800 according to the present invention using 
nursery tanks. The distributed aquaculture system 800 in- 
cludes a filtration subsystem 1200 (see FIG. 12), one or 
more algae subsystems 900 (see FIG. 9), one or more 
artemia subsystems 1000 (see FIG. 10), one or more 



aquatic specie nursery subsystem 810 (see FIG. 11), one 
or more aquatic specie final growout subsystem 1100 (see 
FIG. 11), a data acquisition and control subsystem 700 
(see FIG. 7), and a saltwater replenishment source 808. 
The flow from the one or more aquatic specie nursery 
subsystem 810 to the one or more aquatic specie final 
growout subsystem 1100 is preferably by gravity feed. 
The filtration subsystem 1200 is described below regard- 
ing FIG. 12, and accepts a waste stream from the aquatic 
specie final growout subsystem 1100 and provides a salt- 
water return to the algae subsystem 900, the artemia 
subsystem 1000, the aquatic specie nursery subsystem 
810, and the aquatic specie final growout subsystem 
1100. Algae are grown in the algae subsystem 900 and 
flows to the artemia subsystem 1000, the aquatic specie 
nursery subsystem 810, and the aquatic specie final 
growout subsystem 1100. Adult artemia in the artemia 
subsystem 1000 feed on the algae and produce small 
artemia, which flow to the aquatic specie nursery subsys- 
tem 810 and the aquatic species subsystem 1100. The 
aquatic specie to be produced by the system 800 is intro- 
duced into the aquatic nursery subsystem 810 at an im- 
mature stage, raised for an initial growth period, and then 



transferred to the aquatic specie final growout subsystem 
1100 to be raised to an adult stage for harvesting. These 
immature species are contained in the aquatic specie 
nursery subsystem 810 and the aquatic specie final 
growout subsystem 1100 and feed on the algae and small 
artemia in the aquatic specie nursery subsystem 810 and 
the aquatic specie final growout subsystem 1100. Al- 
though the algae reduces the affect of waste products 
from the artemia and aquatic specie, the system 800 uti- 
lizes a unique filtration subsystem 1200 that removes ad- 
ditional waste from the system during growth of the 
aquatic specie being produced. The data acquisition and 
control subsystem 700 is critical for maintaining a suit- 
able environment for the algae, artemia, and aquatic 
specie being produced by automatically monitoring and 
regulating a number of critical environmental parameters. 
A source for saltwater replenishment 808 is provided to 
the algae subsystem 900, the artemia subsystem 1000, 
the aquatic specie nursery subsystem 810, and the 
aquatic specie final growout subsystem 1100 for replacing 
saltwater lost from evaporation and leakage. The system 
800 may include one or more aquatic specie nursery sub- 
systems 810. As noted above, although the method and 



system of the present invention may be used to produce a 
variety of aquatic species, the preferred embodiments 
disclose the production of shrimp. 
[0043] Turning now to FIG. 9, FIG. 9 shows an algae subsystem 
900 for use in a distributed aquaculture system 800 
shown in FIG. 8. The algae subsystem 900 uses one or 
more sealed or open containers 910, such as bags or 
tanks, that contain saltwater and algae 918. The saltwater 
typically has a salinity of from 30 to 35 parts per thou- 
sand. Lighting 914 provides energy for proper algae 
growth. The light output 934 is monitored by the data ac- 
quisition and monitoring subsystem 700. Sensors within 
the algae collection container 980 connected to the data 
acquisition and monitoring subsystem 700 provide con- 
tinuous monitoring of pH 926, algae density 928, temper- 
ature 930, micronutrients 936, and dissolved oxygen 932. 
Since algae growth naturally causes the pH of the algae 
subsystem 900 to increase, controlled amounts of carbon 
dioxide gas (C02) 924 is introduced into the system to 
maintain the pH within acceptable levels. The amount of 
C02 gas 924 introduced into the sealed or open contain- 
ers 910 is determined by a control valve 960, which is 
controlled by the data acquisition and control subsystem 



700. Each sealed container 910 may receive saltwater re- 
turn 920 from the filtration subsystem 1200 through a 
control valve 962, which is controlled by the data acquisi- 
tion and control subsystem 700. Algae flow 922 from 
each sealed container 910 to the artemia subsystem 1000 
and aquatic specie subsystem 1100 is determined by a 
control valve 964, which is controlled by the data acquisi- 
tion and control subsystem 700. The algae flow 922 will 
feed from the selected sealed or open containers 910 in 
the algae subsystem 900 to the algae collection container 
980. The outflow from the algae collection container 970 
feeds the artemia subsystem 1000 and the aquatic specie 
subsystem 1100. The algae outflow 970 is controlled by 
the data acquisition and control subsystem 700. Saltwater 
replenishment 908 having a typical salinity of 30 to 35 
parts per thousand is provided through a control valve 
968, which is controlled by the data acquisition and con- 
trol subsystem 700, to replace saltwater losses, such as 
by evaporation and leakage. An optimal saltwater return 
rate 920 to each sealed container 910 will keep the algae 
density 928 between approximately 100 thousand to 10 
million cells per milliliter for the preferred strain of algae 
(tajitian strain of isochrysis galbana). 



[0044] Turning now to FIG. 10, FIG. 10 shows an artemia subsys- 
tem 1000 for use in a distributed aquaculture system 800. 
The artemia subsystem 1000 utilizes sealed or open con- 
tainers 1010, such as bags or tanks, which contains salt- 
water, algae 1018, and artemia 1060. Sensors within the 
artemia collection container 1080 continuously monitor 
artemia density 1034, temperature 1030, pH 1026, am- 
monia 1038, algae density 1040, waste 1042 and dis- 
solved oxygen 1032. These sensors are connected to the 
data acquisition and control subsystem 700. Lighting 
1014 provides energy for proper algae growth. The light 
output 1034 is also monitored by the data acquisition and 
monitoring subsystem 700. Although waste from the 
artemia 1060 causes the pH of the artemia subsystem 
1000 to decrease, the presence of the algae 1018 will in- 
crease the pH, thereby stabilizing the pH of the artemia 
subsystem 1000. Each sealed container 1010 may receive 
saltwater return 1020 from the filtration subsystem 1200 
through a control valve 1062. The algae 1018 also serve 
as food for the artemia 1060. The adult artemia 1060 
produce small artemia on a continuous basis. A 
400-micron screen 1014 in each container 1010 prevents 
the adult artemia 1060 from leaving the artemia subsys- 



tern 1000 in the flow 1022 through a control valve 1064, 
which is controlled by the data acquisition and monitoring 
subsystem 700, to the artemia collection container 1080. 
This allows the artemia waste and small artemia to pass 
from the artemia subsystem 1000 to the aquatic specie 
subsystem 1100 in the flow 1070. In an alternative em- 
bodiment, the 400-micron screen is removed from the 
artemia subsystem 1000 to allow both small artemia and 
adult artemia to flow from the artemia subsystem 1000 to 
the aquatic specie nursery subsystem 810 and the aquatic 
specie growout subsystemllOO. The flow rate to the 
aquatic specie subsystem 1022 from each sealed con- 
tainer 1010 will depend on the return flow rate 1020 from 
the filtration subsystem 600 and the flow rate 1024 from 
the algae subsystem 900. The algae flow 1024 from the 
algae subsystem 900 is controlled by a valve 1023, which 
is controlled by the data acquisition and control subsys- 
tem 700. The saltwater return from the filtration subsys- 
tem 1020 is controlled by a valve 102 1, which is con- 
trolled by the data acquisition and control subsystem 700. 
An optimal flow rate 1022 to the aquatic specie subsys- 
tem from each sealed container 1010 adequately removes 
waste from the artemia subsystem 1000 and also provides 



sufficient artemia 1060 to the aquatic specie subsystem 
1100 for food. A flow of oxygen 1044 in the form of air is 
introduced into the artemia subsystem 1000 for control- 
ling the level of dissolved oxygen. The flow of oxygen is 
controlled by a valve 1043, which is controlled by the data 
acquisition and control subsystem 700. Saltwater replen- 
ishment 1008 to the artemia subsystem 1000 is con- 
trolled by a valve 1068, which is controlled by the data 
acquisition and control subsystem 700. The saltwater level 
in the artemia subsystem 1000 is determined by the re- 
turn flow rate 1020 from the filtration subsystem 600 and 
the algae subsystem 1024. The preferred artemia species 
1060 originate from the Great Salt Lake in Utah. 
[0045] Turning now to FIG. 11, FIG. 11 shows an aquatic specie 
subsystem 810, 1100 for use in a distributed aquaculture 
system 800. The configuration shown in FIG. 11 is used 
for both the aquatic specie nursery subsystem 810 and 
the aquatic specie final growout subsystem 1100 shown 
in FIG. 8. The aquatic specie subsystem 810, 1100 utilizes 
one or more sealed or open containers 1110, such as 
bags or tanks. Habitat structures 1112 are positioned in 
the aquatic species subsystem 810, 1100 for providing a 
greater habitat surface area for increasing the amount of 



aquatic species within the subsystem. The aquatic specie 
subsystem 810, 1100 also contains aquatic specie 1168, 
preferably shrimp, algae 1118, saltwater, and artemia 
1160. Sensors contained within the waste collection con- 
tainer 1180 connected to the data acquisition and control 
subsystem 700 continuously monitor artemia density 
1134, aquatic specie size 1140, aquatic specie density 
1141, temperature 1130, pH 1126, dissolved oxygen 
1132, algae density 1144, waste 1146, and ammonia 
1138. Lighting 1113 provides energy for proper algae 
growth. The light output 1134 is monitored by the data 
acquisition and monitoring subsystem 700. The algae 
1118 and the artemia 1160 are food for the aquatic specie 
1168. A graded screen 550, preferably nylon material, 
provides filtration of aquatic specie waste products and 
allows waste flow 1170 to the filter subsystem 1200. The 
aquatic specie subsystem 810, 1100 is initially stocked 
with live, commercially available postlarvae shrimp in salt 
water maintained at a low level. As the shrimp grow from 
about 0.5 inches in length to about 5 inches in length, the 
system 800 automatically adds saltwater to the aquatic 
specie subsystem 810, 1100 to gradually increase the 
saltwater level and effective volume of the aquatic specie 



subsystem 810, 1100. As the saltwater level of the aquatic 
specie subsystem 810, 1100 increases and the shrimp 
1168 grow in size, larger screen openings of the graded 
screen 550 allow passage of larger waste particles while 
preventing the shrimp 1168 from passing through the 
graded screen. The method of slowly increasing the level 
of the saltwater and the effective volume of the aquatic 
specie subsystem 810, 1100 has an additional beneficial 
feature. When the shrimp 1168 are small, the effective 
volume of the aquatic specie subsystem 810, 1100 is also 
small, allowing a higher and more beneficial concentration 
of food. As the shrimp 1168 grow larger, the increase in 
effective volume maintains an optimum food density and 
optimum shrimp separation. Waste products pass through 
the graded screen 550 and on to the filter subsystem 
1200. Since the aquaculture system 800 is a closed sys- 
tem, the outflow rate 1170 to the filtration subsystem 
1200 will depend on the return flow rate 1120 from the 
filtration subsystem 1200, the flow rate 1122 from the 
artemia subsystem 1000, and the flow rate 1124 from the 
algae subsystem 900. An algae inflow valve 1125, which is 
controlled by the data acquisition and control subsystem 
700, controls the flow 1124 from the algae subsystem 



900. An artemia inflow valve 1123, which is controlled by 
the data acquisition and control subsystem 700, controls 
the flow 1122 from the artemia subsystem 1000. A salt- 
water return valve 1121, which is controlled by the data 
acquisition and control subsystem 700, controls the flow 
1120 from the filtration subsystem 1200. Waste flow 
valves 1143 from each of the sealed or open containers, 
which are controlled by the data acquisition and control 
subsystem 700, control the flow 1142 from each sealed 
container 1110 to the filtration subsystem 1200. An oxy- 
gen control valve 1151, which is controlled by the data 
acquisition and control subsystem 700, controls the flow 
of air 1150 to the aquatic specie subsystem 810, 1100. A 
saltwater replenishment valve 1168, which is controlled by 
the data acquisition and control subsystem 700, controls 
the flow 1108 for replenishing saltwater due to evapora- 
tion and leakage. An optimum flow rate will adequately 
remove waste products from the aquatic specie subsystem 
810, 1100 at a density of from 0.25 to 0.5 pounds of 
shrimp per gallon of saltwater. The preferred shrimp 
species is Litopenaeus Vannamei (Pacific White Shrimp). 
[0046] Turning now to FIG. 12, FIG. 12 shows a filtration subsys- 
tem 1200 for use in an aquaculture system 800. The input 



flow 1210 from the aquatic specie final growout subsys- 
tem 1100 to the filtration subsystem 1200 is depicted in 
FIG. 8 and the output flow 1212 to the algae subsystem 
900, the artemia subsystem 1000, the aquatic specie 
nursery subsystem 810 and the aquatic specie subsystem 
1100 is explained with regard to FIG. 8 - FIG. 11. The in- 
put flow 1210 to the filtration system 1200 is connected 
to the sealed container waste outflow 1142 from the 
aquatic specie subsystem 1100 after passing through a 
graded filter screen 550. The output flow 1212 from the 
filtration subsystem 1200 is connected to the saltwater 
return of the aquatic specie subsystem 1120. The output 
flow 1214 from the filtration subsystem 1200 is con- 
nected to the saltwater return 920 of the algae subsystem 
900 and the saltwater return 1020 of the artemia subsys- 
tem 1000. As noted above, waste enters the input flow 
1210 filtration subsystem 1200 from the aquatic specie 
subsystem 1100 after passing through the graded filter 
screen 550. Although the algae in the system 800 will re- 
move micronutrients from the system created by the 
aquatic specie waste products, additional filtration allows 
for higher aquatic specie densities. A saltwater pump 
1220 pumps the waste product stream 1210, which has 



passed through the graded filter screen 550, through a 
mechanical filter 1230 to remove particulate material. The 
mechanical filter 1230 contains various filters ranging in 
size from 500 microns down to a preferred filter size of 
about 5 microns, thereby trapping particulate material 
having a size greater than 5 microns. The waste stream is 
then divided into two paths. The first path is passed 
through a biofilter 1240 to convert ammonia into nitrates 
for use as a nutrient for the algae in the aquatic specie 
subsystem 1100. After filtration of the waste stream, a 
plumbing and valve network returns the filtered and 
cleansed saltwater to the aquatic specie subsystem 1100. 
The return flow rates to this subsystem, which is con- 
trolled by the data acquisition and control subsystem 700 
and respective return valves, determines the flow rate 
through to the subsystem. The data acquisition and con- 
trol subsystem 700 also controls the return flow rate 1120 
of the aquatic specie subsystem 1100 to maintain ade- 
quate filtration of the aquatic specie subsystem 1100. 
This flow rate 1120 increases as the aquatic specie grow 
in size, and also affects the amount of time that the 
artemia stay in the aquatic specie subsystem 1100. The 
second path within the filtration subsystem 1200 is 



passed through another mechanical filter 1250. The me- 
chanical filter 1250 contains various filters ranging in size 
from 50 microns down to a preferred filter size of about 5 
microns, thereby trapping particulate material having a 
size greater than 5 microns. The waste stream then 
passes through a heat exchanger 1260 and pasteurization 
chamber 1270 that first heats the waste stream to a pre- 
ferred 180 degrees F and then cools the waste stream to a 
preferred 80 degrees F. This method sterilizes the waste 
stream prior to use in the algae subsystem 900 and the 
artemia subsystem 1000 that destroys any living organ- 
isms that may have entered the waste stream and which 
might compete and contaminate the preferred algae. After 
filtration of the waste stream, a plumbing and valve net- 
work returns the filtered and cleansed saltwater to the al- 
gae subsystem 900, and the artemia subsystem 1000. The 
return flow rates to each of these subsystems, which is 
controlled by the data acquisition and control subsystem 
700 and respective return valves, determines the flow rate 
through each subsystem. The data acquisition and control 
subsystem 700 will vary the return flow rate 920 of the al- 
gae subsystem 900 to maintain a specific range of algae 
density 928. This flow rate 920 also determines the food 



supply rate to the artemia. The data acquisition and con- 
trol subsystem 700 also controls the return flow rate 1020 
of the artemia subsystem 1000 to maintain an adequate 
supply of artemia to the aquatic specie. The flow rate 
1020 increases as the aquatic specie grow in size, and 
also determines the filtration rate of the artemia subsys- 
tem 1000. The data acquisition and control subsystem 
700 will monitor the nutrient level of the waste stream 
and vary the flow of supplemental nutrients 1280 to the 
waste stream, if necessary, after it leaves the pasteuriza- 
tion chamber 1270. Also, periodically, a steam sterilizer 
1290 will steam sterilize the plumbing from the heat ex- 
changer 1260 to the algae subsystem 900 and the artemia 
subsystem 1000 to destroy any living organisms that 
might develop within the plumbing after pasteurization. 
[0047] Although the present invention has been described in de- 
tail with reference to certain preferred embodiments, it 
should be apparent that modifications and adaptations to 
those embodiments might occur to persons skilled in the 
art without departing from the spirit and scope of the 
present invention. 



